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ORGANIC  POLYMERS  MODIFIED  WITH  INORGANIC  POLYHEDRA. 

Timothy  S.  Haddad  and  Brent  D.  Viers 
ERC  Inc.,  Air  Force  Research  Lab, 

10  E  Saturn  Boulevard 
Edwards  Air  Force  Base,  CA  93524 

Nanostructured  composites  of  thermoplastics  and  inorganic  clusters  have  been  developed  by  incorporating 
polyhedral  oligomeric  silsesquioxane  (POSS)  macromers  into  organic  polymers.  These  hybrid  morgamc/orgamc 
thermoplastics  based  on  styrenes,  acrylics,  imides,  norbomenes  or  siloxanes,  are  reinforced  by  covalently  linking 
monodisperse  inorganic  POSS  clusters  to  the  polymer  backbone.  A  typical  POSS-macromer,  R7P(Si80i2),  is  a 
well-defined  octomeric  polyhedron  containing  a  single  "P"  functionality  for  polymerization  and  seven  R 
groups  to  solubilize  and  compatibilize  the  inorganic  filler  with  the  organic  matrix.  A  nanoremforcement  effect 
from  the  POSS  groups  is  strongly  influenced  by  the  seven  "R"  groups  (cyclopentyl,  cyclohexyl,  isobuty  or 
phenyl).  Covalently  attached  POSS  groups  result  in  significant  change  to  the  observed  characteristic  relaxation 
time  of  the  polymer;  rheological  measurements  on  molten  polymer  indicate  that  interactions  between  the  PO 
groups  generate  a  reversible  network  material  with  rubbery  properties.  TEM  images  show  that  the  inorganic 
POSS  moieties  associate  to  form  a  nanoscale  network  within  the  polymer  matrix. 
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Toughness,  Lightweight  & 

Ease  of  Processing 

Hybrid  plastics  can  bridge  the  differences  between  ceramics  and  polymers 


Anatomy  of  a  POSS  Macromer 
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reinforcement  of  polymer  segments  and  coils 


P  OSS  Silanol  Synthes  is 


Brown  &  Vogt:  JACS,  1965,  p.  4313 
Feher  et  al :  JACS ,1989,  p  i  741 ; 
Organometal I ics,  1 991,  p  2526 


POSS  Macromers  For  Nanocomposites 


POSS-based  macromers  are  now  available  through  either  Geleste  or  Aldrich 
POSS  technology  is  commercialized  by  Hybrid  Plastics  in  Fountain  Valley  CA 
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Structure 


Polymer  miscibility  vs.  POSS/POSS  interactions 


Size  &  Shape 


DMA  of  1 0  Wt  %  POSS  in  isotactic 
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eBusqo  uoisueiuia 


Temperature  (°C) 


of  Pendent  POSS-Siloxanes 


Hydrosilation  to  High  MW  PDMS 


There  are  about  7  POSS- 

Used  j  weight  %  POSS  macromers  per  PDMS  chain 


Comparison  of  Three  T8-POSS  Macromers 
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•  Comparison  of  isobutyl,  cyclopentyl  &  cyclohexyl 

•  Bulk  polymerized  samples 


of  P OSS  Norbornen es 


\n  ideal  polymerization  would  yield  polymers  with  500  monomer  units. 
0  wt  %  POSS,  0  mole  %  POSS:  x  =  500,  y  -  0 
1 0  wt  %  POSS,  1  mole  %  POSS:  x  =  495,  y  =  5 
50  wt  %  POSS,  8  mole  %  POSS:  x  =  460,  y  =  40 


iC  Data  for  POSS-N orborne nes 


(MW)  Moy  v 


of  Random  POSS  Norbornenes 


CyclohexylPOSS-rich  domains  may  entrain  more  unoriented 
polynorbornene  chains  than  CyclopentylPOSS-rich  domains. 


Solid  Rocket  Motor  Insulatio n 


Scanning 


POSS  illustrates  a  dependence  on  both  the  POSS-alkyl-group  and  POSS 
shape. 
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